Background: the main goal of the study was to investigate the prevalence of the articular cartilage defects (ACD) in the patellofemoral (PF) region of the knee joint based on the anatomical shapes of patella and its impact on the level of physical activity in the population needing arthroscopic procedures for all types of pathologies in the knee. Methods: The articular cartilage status of the PF region was obtained from 1098 arthroscopic procedures of the knee joint. The ACD were correlated to Wiberg's shape of the patella and classified according to the degree, size and depth of the ACD in the PF region using the ICRS (International Cartilage Repair Society) system: group I consisting of patients with Wiberg type I shape (W1), group II-patients with Wiberg type II shape (W2) and group III-patients with Wiberg type III shape (W3). The Tegner physical activity scale was used to evaluate the physical activity of the patients. Results: The mean of ACD size (PF region) in the W3 group was 3.10 ± 0.99 cm 2 , which was a statistically significantly larger area in comparison with the W1 (1.90 ± 0.63 cm 2 ; p < 0.0000) and W2 (1.95 ± 0.71 cm 2 ; p < 0.0000). The patients from the W3 group (mean 3.10 ± 0.99) were less physically active (<4 Tegner) compared to the W2 group (mean of 4.48 ± 0.88; p = 0.004) and W1 group (mean of 4.55 ± 0.72; p = 0.002). Conclusions: The patients with the Wiberg type III patella shape had a higher incidence and larger size of ACD in the PF of the knee compared to the groups of Wiberg type I and II. Wiberg III patients with a lower level of physical activity had a larger size of ACD in the PF joint.
Introduction
One-third of the elderly population is affected by osteoarthritis (OA) in their knee(s) [1] , which is a disease that has a significant impact on a patient's activities of daily living, physical activity and independence. Traditionally, knee OA has been viewed primarily as a disorder of the tibiofemoral joint (TFJ) as radiographic assessment has tended to focus only on the anteroposterior X-ray, which does not image the patellofemoral joint (PFJ). In fact, the PFJ is one of the most commonly affected compartments and is often involved in the degenerative changes of the knee [2] [3] [4] . Articular cartilage defects (ACD)
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www.mdpi.com/journal/medicina in the PF region are more common with various dysplastic shapes of the patella [5] [6] [7] [8] . Despite many scientific studies, the clear reason for the occurrence of articular cartilage defects (ACD) in the patellofemoral (PF) region is still poorly understood [8] [9] [10] [11] [12] [13] [14] [15] [16] . Furthermore, there is no clear correlation described between the ACD in the PF regions and the shape of the patella [9] [10] [11] [12] 16] . Very few studies have been conducted in the past to investigate the correlation between ACD in the PF region and patella shape [12, 13, 15, 17, 18] . These studies have shown variable results and generally, the data have not been found to be clinically significant. However, a small number of investigations have revealed correlations between the shape of the patella and ACD in the PF region [19] [20] [21] . These correlations between ACD and the shape of the patella would be extremely important for understanding the mechanisms of ACD in the PF region.
The main goal of this study was to investigate the prevalence of the articular cartilage defects (ACD) in the patellofemoral (PF) region of the knee joint based on the anatomical shapes of patella and its impact on the level of physical activity in the population needing an arthroscopic procedure.
Materials and Methods
All procedures and investigations performed in the present study were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Declaration of Helsinki and its later amendments and comparable ethical standards (BE-2-22). The data related to the articular cartilage status of patellofemoral region were obtained from 1098 arthroscopic procedures of the knee joint in the period of 2005-2010. According to our research protocol, each patient prior to the arthroscopic knee procedure underwent X-ray in the Merchant view or MRI investigations in the outpatient clinic to determine the shape of the patella. Independent observers performed all the patella measurements. The investigated first involved the assessment of the Wiberg's type [11, 12] . The Wiberg's classification was used on a skyline radiograph at 30 degrees of flexion and consisted of three types. For Type I, the medial facet has a concave shape and has almost the same area of the lateral facet (this is present in 16.1% of the healthy population according to Servien et al.) . For Type II, the medial facet still has a concave shape, but this is smaller than the lateral face (this is present in 80% of the healthy population). For Type III, the medial facet has a convex shape and is almost vertical (this is present in 12.9% of the healthy population [22] ). In Wiberg type I-normal patella, with the medial and lateral facets being symmetrical and of equal size. In Wiberg type II-mild dysplasia, with the medial facet being only half the size of the lateral facet. In Wiberg type III-severe dysplasia, with the medial facet being markedly smaller and a quarter of the size of the lateral facet. A total of 406 (37%) women and 692 (63%) men with a mean age of 26 years (from 15 to 40 years) were analyzed. The case history data, arthroscopic protocols, MRI scans and X-ray radiographs, the articular cartilage defects classified based on the ICRS scores and Tegner activity scale were analyzed.
The patients were divided into 3 patella shape groups according to the MRI and/or X-ray. Group I included the patients with Wiberg type I shape (W1 group), Group II included the patients with Wiberg type II shape (W2 group) and Group III included the patients with Wiberg type III shape (W3 group). After this, the arthroscopies of the knee were performed on a regular basis for different pathologies and articular cartilage defects were inspected and classified according to the degree, size and depth of the ACD in the PF region using the International Cartilage Repair Society (ICRS) articular cartilage classification system [23] . The patients were excluded from the study if they had osteoarthritis or other systemic diseases. The Tegner activity score (TAS) was used to determine the level of physical activity of the patients [23] .
Statistical Methods
The data were stored in a Microsoft Access database. The statistical analyses were made using the Statistical Package for the Social Sciences 17 version (SPSS, Chicago, IL, USA). The sample size required was calculated based on the expected ACD size of 0.5 cm 2 , with a group size of 32 required for a power of 80% and α of 0.05. The Mann-Whitney U and Kruskal-Wallis tests were used to compare the three Wiberg types of patella between the three groups and for all variables. The results with a p value of ≤ 0.05 were considered to be statistically significant.
Results
All arthroscopic procedures were performed due to different knee pathologies. Menisci ruptures had the highest prevalence of associated cartilage lesions in the patellofemoral region (46%), followed by anterior cruciate ligament injuries (34%) and patellar instability (15%), which is illustrated in Figure 1 . The previous arthroscopic procedures had been performed in 34 of 1098 (3%) of the knees, which was most commonly due to the meniscal lesions.
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All arthroscopic procedures were performed due to different knee pathologies. Menisci ruptures had the highest prevalence of associated cartilage lesions in the patellofemoral region (46%), followed by anterior cruciate ligament injuries (34%) and patellar instability (15%), which is illustrated in Figure 1 . The previous arthroscopic procedures had been performed in 34 of 1098 (3%) of the knees, which was most commonly due to the meniscal lesions. Out of 1098 arthroscopic knee surgeries, articular cartilage defects (ICRS grade 1-4) were detected in 779 (71%) knees. Out of 1098 patients, an acute onset of the knee symptoms was reported in 43% and a gradual onset in 57%. Grade 3-4 (ICRS) articular cartilage defects were most commonly located in the patellofemoral (33%) and lateral femoral condyle (34%) regions, followed by the lateral tibial (18%) and medial femoral condyles (2%). According to our findings, articular cartilage defects in the patellofemoral region were detected in 343 (44%) patients. The distribution of ACD in the PF region according to the patella shape was analyzed: 9.6% (N = 33) of the defects were detected in Wiberg type I group, 58.6% (n = 201) in Wiberg type II and 31.7% (n = 109) in Wiberg type III group.
A total of 144 (42%) ACD in the patellofemoral region were larger than 2 cm 2 , which constituted 19% of all knees (Table 1) . A full-thickness ACD (ICRS 3-4) in the PF region with a square area of more than 2 cm 2 was observed in 49 (5%) knees (Table 1) . Superficial ACD defects (ICRS 1-2) were significantly smaller than 2 cm 2 (p = 0.001), compared to other ACDs that were larger than 2 cm 2 (ICRS 3-4; p = 0.02; Table 1 ). Out of 1098 arthroscopic knee surgeries, articular cartilage defects (ICRS grade 1-4) were detected in 779 (71%) knees. Out of 1098 patients, an acute onset of the knee symptoms was reported in 43% and a gradual onset in 57%. Grade 3-4 (ICRS) articular cartilage defects were most commonly located in the patellofemoral (33%) and lateral femoral condyle (34%) regions, followed by the lateral tibial (18%) and medial femoral condyles (2%). According to our findings, articular cartilage defects in the patellofemoral region were detected in 343 (44%) patients. The distribution of ACD in the PF region according to the patella shape was analyzed: 9.6% (N = 33) of the defects were detected in Wiberg type I group, 58.6% (n = 201) in Wiberg type II and 31.7% (n = 109) in Wiberg type III group.
A total of 144 (42%) ACD in the patellofemoral region were larger than 2 cm 2 , which constituted 19% of all knees (Table 1) . A full-thickness ACD (ICRS 3-4) in the PF region with a square area of more than 2 cm 2 was observed in 49 (5%) knees (Table 1) . Superficial ACD defects (ICRS 1-2) were significantly smaller than 2 cm 2 (p = 0.001), compared to other ACDs that were larger than 2 cm 2 (ICRS 3-4; p = 0.02; Table 1 ).
The most severe ACD cases were documented in patients with the Wiberg type III patella shape. In these patients, the mean of ACD size was 3.16 ± 0.74 cm 2 , which was statistically significantly larger area when compared to the Wiberg type I (1.90 ± 0.63 cm 2 ; p < 0.0000) and Wiberg type II (1.95 ± 0.71 cm 2 ; p < 0.0000; Figure 2 ). The most severe ACD cases were documented in patients with the Wiberg type III patella shape. In these patients, the mean of ACD size was 3.16 ± 0.74 cm 2 , which was statistically significantly larger area when compared to the Wiberg type I (1.90 ± 0.63 cm 2 ; p < 0.0000) and Wiberg type II (1.95 ± 0.71 cm 2 ; p < 0.0000; Figure 2) . The most severe ACD sizes were documented in the patients with Wiberg type III patella shapes. The Wiberg type III shapes had a significant larger ACD compared to the Wiberg type II (p < 0.0000) and Wiberg I shapes (p < 0.0000).
The association between the ACD size and the level of physical activity was analyzed. The cutoff point of the Tegner activity level scale was chosen to be 4, which means that the patients were able to perform moderately heavy labor. The larger articular cartilage defects in the PF region were detected in patients with lower Tegner physical activity levels (<4 Tegner). A smaller ACD (<2 cm 2 ) were detected in more physically active (>4 Tegner) patients (p = 0.03). Patients with a larger ACD size (>2 cm 2 ) had a significantly lower level of physical activity compared with those having <2 cm 2 ACD lesions (p = 0.04; Table 2 ). The shape of the patella had the influence on the level of physical activity. We found that patients with a Wiberg type III patella shape (mean of 3.10 ± 0.99) were less physically active (<4 Tegner) compared to Wiberg type II (mean of 4.48 ± 0.88; p = 0.004) and Wiberg type I (mean of 4.55 ± 0.72; p = 0.002). The patients with Wiberg type I and II patella shapes had a similar level of physical activity (p = 0.51; Figure 3 ). The most severe ACD sizes were documented in the patients with Wiberg type III patella shapes. The Wiberg type III shapes had a significant larger ACD compared to the Wiberg type II (p < 0.0000) and Wiberg I shapes (p < 0.0000).
The association between the ACD size and the level of physical activity was analyzed. The cut-off point of the Tegner activity level scale was chosen to be 4, which means that the patients were able to perform moderately heavy labor. The larger articular cartilage defects in the PF region were detected in patients with lower Tegner physical activity levels (<4 Tegner). A smaller ACD (<2 cm 2 ) were detected in more physically active (>4 Tegner) patients (p = 0.03). Patients with a larger ACD size (>2 cm 2 ) had a significantly lower level of physical activity compared with those having <2 cm 2 ACD lesions (p = 0.04; Table 2 ). The shape of the patella had the influence on the level of physical activity. We found that patients with a Wiberg type III patella shape (mean of 3.10 ± 0.99) were less physically active (<4 Tegner) compared to Wiberg type II (mean of 4.48 ± 0.88; p = 0.004) and Wiberg type I (mean of 4.55 ± 0.72; p = 0.002). The patients with Wiberg type I and II patella shapes had a similar level of physical activity (p = 0.51; Figure 3 ). 
Discussion
Our study suggests that a significantly higher number of ACD cases in the PF region were documented in patients having a patella with a Wiberg type III shape. Furthermore, the ACD occurring in the PF region have an impact on the level of physical activity in the population needing an arthroscopic procedure. We found no significant difference in the distribution of ACD between Wiberg type I and II in our study. Wiberg himself stated that type I and II shapes of patella are less vulnerable to ACD in the PF region. Unfortunately, he has no substantiated findings showing an association between ACD and different shapes of the patella [11] . Furthermore, Wiberg showed that the shape of the patella was correlated with anterior knee pain and that the type III anatomical configuration of the patella leads to ACD, while the type I could be emphasized as ideal [11] . This theory was not widely accepted and most subsequent studies had shown no correlations between the shape of patella and ACD in the PF regions [1, 7, 17] . Potentially, the main reason for this negative correlation could be due to the small number of the investigated cases. As a result, no recent studies have been published to support Wiberg's theory.
According to our data, the articular cartilage defects in the patellofemoral region were detected in 44% of patients and confirmed the theory that the patellofemoral region is the one of the most pregnable locations for ACD of the knee joint. The importance of the patella shape to the articular cartilage degeneration has been also widely discussed in the literature [7, 14, 24] . Based on the anatomical studies, Wiberg type II patella was found most frequently (59%), followed by Wiberg type I (24%) and Wiberg type III (19%) [14] . In our study, Wiberg type I consisted 12% of the group, Wiberg type II consisted 60% and Wiberg type III consisted 28%. However, other authors have noted no association between Wiberg type III and ACD in the PF region [8, 12, 15] . Concurrent studies have also stated that there is a significant association between Wiberg type III shape and the grade of trochlear dysplasia [3, 8] .
In our study, we observed that patients with Wiberg type III shape of the patella have lower 
In our study, we observed that patients with Wiberg type III shape of the patella have lower levels of physical activity compared to patients with Wiberg type I and II shapes. Wiberg type I and II patients had the same level of physical activity. This suggests that the shape of the patella could be a principal anatomical factor influencing the patellofemoral biomechanics of the knee joint and the incidence of ACD. In a study by Lancourt et al., a correlation was found between the Wiberg's classification of the patella and the width of the lateral patellofemoral ligament. The authors showed that the more that a patella shape resembled Wiberg type II, the broader the lateral patellofemoral ligament was [14] . They concluded that the properties of the patellofemoral ligament may indirectly predispose to patellofemoral instability, which has been shown to have an influence on the formation of ACD in this particular region.
A lower level of physical activity in our patients was associated with a larger size of ACD. However, it is unclear if the size of ACD itself or the shape of the patella was the reason for the decreased level of physical activity in these patients. This implies that there is a correlation between the anatomical shape of the patella and the size of ACD in the PF region. Patients with Wiberg type III patella and ACD in the PF region tend to be less physically active. Otherwise, the negative findings in the clinical tests of patellar pain and crepitation, the lack of bilateral symptoms during the follow-up, low body height and young age predict good long-term outcomes of chronic patellofemoral pain syndrome [25] .
The main limitation of our study was the lack of other subjective and objective scoring systems for PF pain and their relations to the shape of the patella and articular cartilage degeneration in the patellofemoral region. Further studies need to be performed to look at the correlations between the shape of patella, ACD and clinical outcomes.
Conclusions
The patients with the Wiberg type III patella shape had a higher incidence and larger size of articular cartilage defects in the patellofemoral joint of the knee compared to the groups of Wiberg type I and II. The lower level of physical activity of the Wiberg III patients was associated with a larger size of the articular cartilage defects in the patellofemoral joint. This suggests that the Wiberg classification of anatomical shape of the patella obtained from radiological data may be a good clinical predictor of the risk of articular cartilage defects and the knee-related physical activity level of the patients. Based on our findings, we concluded that the anatomical shape of the patella is an important anatomic parameter, which may reflect the development of articular cartilage defects in the patellofemoral region.
Author Contributions: Rimtautas Gudas contributed to the conception and design of the study and final approval of the manuscript; Agnė Gudaitė, Vladas Vansevičius, Alfredas Smailys, Edgaras Stankevičius, Laimonas Šiupšinskas and Akvilė Vilkytė contributed to the data collection, analysis, and interpretation of data and writing of the manuscript; Vladas Vansevičius also contributed to the study design, development of the evaluations and the statistical data analysis interpretation, statistical expertise and drafting of the manuscript. Rimtautas Gudas and Rasa Simonaitytė take responsibility for the integrity of the work as a whole, from the inception to the finished article.
